Objetivo: This study aimed to evaluate the influence of the elastic modulus of indirect composite resins (ICR) in the stress distribution of a restored maxillary first premolar. Material and methods: A three-dimensional (3D) finite element model of the tooth and the mesialocclusal-distal (MOD) restoration was created. Three ICR were simulated, by changing the elastic modulus: 10, 15 and 20 GPa. All materials were considered as isotropic, homogeneous and linearly elastic. An occlusal load (200 N) was applied on occlusal surface trough a sphere, and the nodes of the external surface of the root were fixed. The maximum principal stresses on the tooth and restoration were analyzed. Results: According to FE analysis, the lower the ICR elastic modulus, the higher the tensile stress values generated on the remaining tooth. For the restoration, the opposite was observed: the lower the modulus, the lower the tensile stress. Conclusion: With the limitations of this study it is possible to conclude that the greater the elastic modulus of the restorative material the harder it will be to deflect the cusps, but the easier the fracture of the resin.
MATERIAl AND METhODS

Finite Element Analysis (FEA)
To perform FEA, the elastic modulus (E) and the Poisson ratio (PR) of the resins used in this experiment were necessary. Three different resin was simulated, a resin with a low modulus (10 GPa), medium modulus (15 GPa) and high modulus (20 GPa) , all with 0.3 Poisson's ratio. During preprocessing, a human premolar [3] with MOD cavity modeled in Rhinoceros CAD software (version 4.0SR8 McNell, North America, Seattle, WA, USA) was used. In order to make the simulation as real as possible, enamel (E=84.1, PR=0.33) [12, 14] , dentin (E=18.6, PR=0.32) [13, 15] and pulp chamber were modeled. Finally, a Boolean union was used for linking these structures. The cavity preparation for an inlay was characterized by expulsive axial walls and pulp wall with no bevel at the proximal and occlusal margins (Figure 1 ). The tooth was imported in STEP format for ANSYS analysis software (ANSYS 17.2, ANSYS Inc., Houston, USA) ( Figure 1 ). All materials were considered homogeneous, isotropic and linearly elastic. Mesh convergence test was used, and the ideal size of the elements was determined to 0.3 mm. The three-dimensional mesh consisted of 175.278 nodes and 100.967 tetrahedral elements ( Figure 1 ). To simulate the adhesion between the structures, the interface between dentin and resin was considered completely adhered. An axial load (200 N) was applied on both cusps through a ball (10mm) moved in the Z axis [3, 14] . The nodes of the external surface of the root were fixed to prevent the tooth from being intruded during loading (Figure 1 ). The stress distribution generated was calculated using Maximum Principal Stress (MPS) criteria on the tooth and restoration.
INTRODUCTION
I ndirect restorations using composite resin or ceramic have the following advantages: excellent aesthetics reduced polymerization shrinkage, easy of obtaining contact point, and the ease of setting an appropriate occlusal anatomy [1, 2] .
Dental ceramics have satisfactory aesthetics, color stability, wear resistance, and the possibility of conditioning with hydrofluoric acid, which increases the retention efficiency and biocompatibility [3] . However, as a disadvantage, ceramics exhibit susceptibility to fracture before cementation, wear potential of the antagonists (natural teeth) due to its high hardness [4] .
Indirect composite resins (ICR) emerged with the aim to increase restoration durability [5] . With good values of mechanical properties, they started to be indicated for inlays, onlays, crowns and fixed partial denture [6, 7] . Currently, ICR's are an excellent aesthetic alternative to ceramic due to the facility of their manufacture in the laboratory [4, 6] , polymerization outside the mouth [8] and more dental preservation [9] .
To simulate masticatory loads on teeth and restorations and also to evaluate the biomechanics of its resistance to fracture, finite element analysis (FEA) can be used [10] . This mathematical methodology consists in the evaluation of stress distribution trougth structures. Currently, several studies with this purpose take into consideration parameters of occlusal force and use of mesial-occlusal-distal preparations (MOD) in premolars [3, 7, 11] . When submitted to an occlusal load, the type of restorative material was shown to affect the deflection of the cusps [3] . In this way, the aim of this study was to evaluate the influence of different ICR's elastic modulus on the biomechanical behavior of MOD restorations.
RESUlTS
For restored tooth, all groups showed stress concentration on the loading points (cusps) and in the interface between enamel and restoration, however, the lower the elastic modulus of the restorative material, the higher the stress generated at the teeth. For restoration, the stress concentration was proportional to the elastic modulus of the material, suggesting that restorative materials with low modulus have the capacity to dissipate the masticatory forces ( Figure 3) . The stress peaks of the tooth and the restoration were plotted in a linear graph for quantitative comparison (Figure 4 ).
DISCUSSION
The main finding of the present study was establishing a relation between the elastic modulus (E) and the MPS following a linear model study [15] (Figure 4) . Direct resins generate stresses due to polymerization shrinkage and limited conversion of the molecules [16, 17] . These factors together contribute to microleakage in gingival walls [18] [19] [20] . Despite the fact that ICR do not present polymerization shrinkage that could stress the restoration interface, it was observed the presence of considerable amount of stress on internal walls of the cavity (Figure 2 ), which allows us to assume that the stress concentration in this region is due to the differences in the elastic modulus of the material and the underlying dental substrate.
It has already been shown that the polymerization shrinkage increases the stress in the adhesive interface region since the high C-factor associated with cements with low elastic modulus tends to accumulate damages in this region [21] . As the 3D model of the present study has the cement of prosthesis simulated by the definition of a perfectly bonded contact between tooth and restoration, it can be assumed that the results express only the influence of the restorative material. The literature shows that the values of stress can be modified depending on the elastic modulus of the cement and the amount of material used during the cementation [11] . Although, the model has a simplified adhesive interface for an influence of the cementing agent. It is still possible to evaluate the biomechanics according to an influence of the restorative material as demonstrated by other studies with similar models [3, 22, 23] .
The observed values of ICR with high modulus were more homogeneous and presented less stress in the dental structure, indicating a better ability to withstand stress during masticatory load. Thus, it is suggested that the high E of the material influenced in a lower dissipation of stress, preventing the bending of the cusps.
The application of 200N is physiologic though, as observed by Burke [24] for the posterior region. With a sphere, the axial load can have slanting components in the cusps enhancing the probability of damage. The threedimensional model used in this FEA study can be validated due to in vitro studies evaluating the premolar behavior using strain gauges [25] or compressive test [26, 27] , showed similar results, observing a higher concentration of stress on the lingual cusp for all groups (Figure 2) .
In large posterior restorations involving the marginal ridges (MOD), FEA is quite elucidative [22] .Therefore stress values observed in different materials can be determinant in maintaining the tooth integrity [11] , and that, applied to more extensive the restoration, leads to higher bending of the cusps [28, 29] . Observing Figure 2 , ICR with lower elastic modulus concentrates more stress on the adhesive interface compared with higher modulus resins. Despite the concentration of more stress on restorations manufactured by stiffer materials, when fully cemented and adhered to tooth structure, they can resist the masticatory loads and tends to avoid less stress to the interface enamel /restoration, preventing unwanted deflection cusps (Figures 3 and 4) . ICR with lower elastic modulus present more probability of adhesive failures, what can be confirmed through in vitro analysis that could confirm failure origins with simulated fatigue [3] . A finite element analysis is a cheaper, smart and adequate study tool to understand the biomechanical behavior of different resins. The in silico study can assist the understanding of different biomechanical conditions [30] , and even if it is impossible to include all variables of the oral environment in a computational analysis, the joining conditions and the individual properties of the materials are already significant to evaluate your properties [31] .
CONClUSION
With the limitations of this study, it is possible to observe that indirect resins with high elastic modulus concentrate stress in the restoration, generating less strain at the cusps and protecting the tooth.
